'The palm Ruphia tuedigeru Mart. forms vast, monodominant swamps in Central and South America, hut very little is known about the ecology and natural history of these ecosystems. Debate surrounds the issue whether R. tuedigeru swamps are early successional stages or mature "climax" communities. This paleoecological analysis of a 1.46-m sediment core from swamps on the Caribbean coast of Nicaragua establishes the abundant presence of R. tnedigeru swamps for at least 2800 ? 90 years. R. tuedigeru swamps must be considered persistent communities, warranting fiirther study because of their great extension into Central and South America.
in these ecosystems. Whereas paleoecological records of vegetation typically deal with long-term issues of climatic change and cover several millennia, shorter records that provide fine-resolution histories of vegetation for a given area are increasingly used to answer ecological questions (Sturludottir & Turner 1985 , Green et al. 1988 . A short record of vegetation can provide information about persistence, disturbance, and change within an ecological community.
To test the hypothesis that R. taedigera swamps are short-lived, I studied the paleoecological record of a R. taedigera swamp in eastern Nicaragua. By looking at the pollen deposition over several centuries, I was able to determine the status of both R. taedigera and dicot trees in this swamp. The data demonstrate that R. taedigera has been a significant element of the swamp forest for at least 2800 2 90 14C years.
STUDY AREA
The La Union swamp is located behind the farming cooperative La Union de Cafio Negro de Pitry on Cafio Negro, a blackwater creek on the Caribbean coast of Nicaragua (12"05'N, 83'30'W) . Annual rainfall for the area is ca 3000 mm, with a pronounced dry season from January to April (INETER 1996) . This region was struck by a hurricane in October 1988; this caused severe forest damage to 500,000 ha of tropical forest, including 100,000 ha of swamp forest. Much of the swamp forest in the region burned following the hurricane damage, but the 10-ha patch from which the La Union 200-m core was taken did not burn. Because the patch is more or less downwind from the 20 rn above sea level ridge on which La Union sits, it probably escaped severe hurricane damage and was not a combustible collection of damaged vegetation when the fires came.
The 
METHODS
In March 1994, I used a simple piston corer to obtain a 1.46-m core from the sediments that had accumulated in the La Union swamp. I anchored the piston cable to a tree limb above the drilling site to hold the piston fixed at ground level. The core tubing was a 2.5-m section of 50-mm PVC tubing, with the outer edge filed at the bottom end to produce a sharpened drilling face. The piston a 10-cm long bolt with a ring welded to the top for cable attachment. I pushed the tubing into the ground manually until it would no longer penetrate the sediments, due to lack of rigidity of the coring tube, sampling a total of 1.46 m of sediments. From three sites within 10 m of the coring hole, I also collected and mixed together l-crn?
surface samples (hereafter presented as the sample at O-cm depth) using a simple pinch method (Rodgers & Horn 1996) . I transported the core intact to the Smithsonian Tropical Research Institute where I opened the core tube by cutting lengthwise along the sides using a router and a long wooden box to guide the router and hold the core tube.
I sent the bottom most 5 cm of sediment (depth 141-146 cm) to Beta Analytic for conventional radiocarbon dating. I found many fragments of R. taedigera seeds in the sediments at depths of 68 and 108.5 cm. The fragments are 1-2 X 5-10 mm fingerlike projections that permeate the endocarp of the seed. In recently rotted R. taedigera seeds collected in Nicaragua, I have found these to be the only remaining internal structures, and their presence in the cores demonstrates their capabilities for persistence. I prepared the fragments from 108.5-cm depth using a series of acid and base washes and transported them to the Lawrence Livermore National Laboratory Center for AMS (CAMS) for accelerator mass spectrometry (AMS) radiocarbon dating. I calibrated the dates to calendar years B.C. (cal B.C.) using the Oxcal v2.18 calibration program (Ramsey 1995).
I prepared samples for pollen counting from every 8 cm along the core, beginning with 4-cm depth and proceeding to 140-cm depth, along with the surface sample (included as O-cm depth). Pollen and spores from 0.25 cm3 of sediment were concentrated using standard palynological procedures and mounted in glycerin jelly (Faegri et al. 1989) . Lycopodium spore tablets were added for concentration calculations. Each sample was counted to at least 200 grains. Pollen concentrations were calculated using the following formula:
grains/cm3 = [(4 samples/cm3) . (12,500 sporeslsample)
x (no. pollen grains counted)]
+ (no. Lycopodium spores counted)
Charcoal particles > 5 p,m were tallied while counting pollen. I prepared the pollen diagram using the spreadsheet, Tilia, and graphics software, was-constructed from two rubber stoppers fixed on Tilia Graph (Grimm 1990 ).
RESULTS

SL-IXMENT STRATIGRAPI IY
A N D cHRoNoLocu.-The 1.46-m sediment core was of highly organic coarse peat. The peat was without significant additions of clay, showing that there had been little or no horizontal transport of sediment from nearby clay soils of the upland forest. The sediments most likely formed in situ with little horizontal transport. Leaf fragments were evident in addition to the discrete bands of decomposed R. taedigera seeds. The bands of R. taedigera seed fragments suggest that vertical mixing was also minimal. These characters along with the radiocarbon dating demonstrate the suitability of the core for paleoecological analysis.
Sediments from the bottommost section of the core, 141 to 146-cm depth, yielded a radiocarbon determination of 2800 5 90 14C years before present (B.P.). The R. taedigera seed fragments from 108.5-cm depth were dated directly by AMS to 2040 2 60 BP (Table 1) . A linear regression on these two points forced through the origin yields an sedimentation rate of 0.052 cm/yr. The two dates nearly fit a line through the origin. Given the rate of accumulation, sampling at 8-cm intervals provides a span of ca 160 years between samples.
PAi.uNoLocY.-Raphia taedigera pollen is a simple monosulcate palm grain, averaging 24.0 5 1.6 X 16.9 + 1.5 p m (Urquhart 1997a). It was found throughout the sediment core, making up 13 to 84 percent of total pollen (Fig. 1) . Symphonia globuL+ra is a mature swamp tree that leaves little pollen even if abundant. The mere presence of its pollen suggests that it was a common swamp element. Campnosperma panamensis is a swamp tree usually restricted to better-drained swamps (Phillips 1995) . Aex, DaLbergia, Malpighiaceae, and Apocynaceae pollens were all present at low levels and may have come from either swamp or upland forest. Cecropia is a common pioneer found in gaps in the swamp, and its pollen can be abundant (Rodgers & Horn 1996) . The low levels of its pollen in the record may have come from within the swamp or from nearby upland forest, whereas the high levels likely indicate a local origin. Other Urticales were grouped due to extreme difficulties in identifying individual taxa. Poaceae and Cyperaceae pollen can disperse long distances and probably came from other regions. Pinus pollen is also wind dispersed and likely came from Pinus caribaea var. hondurensis Morelet savannas located about 25 km northeast of the La Union swamp. Fern spores were few despite the presence of ferns as common terrestrial and epiphytic elements of swamp forests and upland forests. Pollen types in the "other arboreal" grouping were generally tricolporate pollen types that were uncommon and difficult to identie, and may represent further arboreal structure of the forest. Many pollen grains could not be identified due to the high diversity of the vegetation or poor preservation. They are listed as "unknowns" in Figure  1 . The high abundance of R. taedigera (from 14 to >80% grains per count) made the 200-grain counts sufficient for determining the long-term presence of this species.
DISCUSSION
The most notable feature of the percentage pollen diagram is the abundance of R. tuedigera pollen throughout the diagram. Although low at the beginning of the record (2800 ? 90 B.P.), R. taedigera increases to become the most common pollen type in the diagram. While abundant pollen is often a signal from a wind-pollinated species, R. tuedigeru is pollinated by beetles (Myers 1984) . Pollen in the sediments likely came from fallen flowers dispersed close to their parent plant.
Campnosperma panamensis declined in abundance at the beginning of the pollen diagram and was not found in recent sediments. This paleoecological trend has been observed in a nearby swamp area as well (Urquhart 1997b). Phillips (1 995) noted that C. panurnensis forests were found only in the relatively elevated regions of the swamps, suggesting that it is not tolerant of deeper swamp waters. The decline in C. punurnensis pollen may be the result of increased water levels in the swamps. R. taedigera is quite tolerant of standing water and flooding (Urquhart 1997b; E. Webb, pers. comm.) , and its increase in abundance may have been caused by water depth that excluded other species.
Cecropia pollen increases greatly to 32 percent of total pollen in the surface sample (0 cm); however, its abundance is quite trivial in the 4-cm depth sample, which can be estimated to represent ca 80 years B.P. It is a rapidly growing pioneer common in light gaps. The modern presence of Cecropia may be the result of hurricane damage that created openings five years before the sampling. The increase of charcoal fragments in the sediments during recent centuries is probably a signal produced by post-Columbian settlements near Bluefields or along Cafio Negro.
Although several tree species are found in swamps, they did not outcompete the shorter Raphia palms as might be expected. Many of these swamp species have difficulties colonizing swamps with standing water, whereas R. taedigera germinates best under submerged conditions (Urquhart 1997b). Additionally, in Costa Rica, the swamps with the most standing water are those dominated by R. taedigera (E. Webb, pers. comm.). The exceptional ability of R. taedigera to tolerate standing water likely helped it sustain dominance of the swamps studied here.
The persistence of R. taedigera pollen throughout the 2800 ? 90 year span of this record suggests that R. taedigera in swamps form long-lasting ecological communities. The high percentages of its pollen in the core are in the range of percentages in pollen rain from modern R. tuedigeru-dominated forests (Urquhart, pers. obs.) and illustrate that R. taedigera was a significant part of the forest ecosystem throughout this time.
